Abstract: Symbiotic and phenotypic characteristics of thirty rhiobial isolates obtained from root nodules of two cowpea (Vigna unguiculata L. Walp) cultivars that grow in different sites of Fezzan (Southern part of Libya) were studied. Cultural characteristics and cross-nodulation with Arachis hypogega and Faidherbia albida showed that they were slow-growing rhizobia. Each isolate was found to coexist with non-symbiotic bacteria similar in their cultural characteristics to fast-growing rhizobia. All isolates formed symbiosis with the test plants, but different in their nitrogen-fixation efficiency. Numerical analysis of phenotypic characteristics showed that at boundary level of 70% average similarity, the isolates formed four distinguished groups and two isolates remained separate. Most isolates exhibited wide tolerance to acidity, alkalinity and extreme temperatures. They also resistant to some heavy metals such as mercury, copper, zinc, lead, cadmium and aluminum at low concentrations and antibiotics like polymyxin, colistin, bacitracin and nalidixic acid. Isolates displayed different response to salinity ranging from sensitive, which unable to grow in 1% NaCl to resistant and grow at 2% NaCl or above. Urea was hydrolyzed by most of them and carbohydrates utilizations were different. Sucrose and maltose were metabolized by most of the test isolates, whereas, monosaccharide and sugar alcohols were poorly utilized.
Introduction
 Cowpea (Vigna unguiculata L. Walp.) is popular food grain legume in Africa, playing an important role in economy of many African countries. The annual global production is estimated over 3 million tons [1] . Cowpea is adapted to heat, drought and low-nutrient environment. Therefore, it is cultivated in arid and semi-arid regions as a source of food, forage plant and sustains soils. Another important characteristic of cowpea is their abilities to form symbiotic association with soil bacteria known as rhizobia to form nodules where the atmospheric nitrogen may fix. Therefore, increases and maintain soil fertility. In some countries of Africa, cowpeas are used to increase productivity of the cereal crops and used as a part of the rotational crops, cultivated intercrops, in rotation or as independent crops [2] . Criteria for characterization of rhizobia were proposed [3] . These Criteria include phenotypic and molecular methods. Traditional methods include cultural, physiological and biochemical tests. Earlier, phenotypic study was used by some researchers [4] [5] [6] to characterize rhizobia from different legumes which now used as complementary to molecular methods [3] . In addition, phenotypic studies are useful for selection of superior rhizobial strains adapted to environmental stresses such as salinity, acidity and elevated temperatures [7] . hybridization. At present, rhizobia consists of more than one hundred species belongs to the genera:
Rhizobiumand, Bradyrhizobium [8] , Ensifer [9, 10] , Mezorhizobium [11] , Allorhizobium [12] , Azorhizobium [13] , Methyobacterium [14] , Devosia [15] , Cupriavids [16] and Shinella [17] . Rhizobia nodulating cowpea were long reported as slow growing categorized into "cowpea miscellany" group [18] which is heterogeneous group of rhizobia nodulating tropical legumes such as Arachis hypogaea, Macroptilium atropureum and Phaseolus lunatus. However, it is currently classified into genus Bradyrhizobium [8, 19] . Phenotypic and genetic studies of cowpeas rhizobia were aim of researchers in some parts of Africa [20] [21] [22] [23] [24] [25] [26] . Contradictory reports about the microsymbionts of these plants were reported. Some investigators indicates that cowpea nodulated by both fast and slow growing rhizobia [20] [21] [22] [23] [24] . Analysis of 16S rRNA gene sequences of fast-growing nodule occupancy showed that they are similar to coliform bacteria (Enterobacter, Klebsiella) and Rhizobium, while, the slow-growing one is close to Bradyrhizobium genus [24] . Others [25, 26] only revealed the presence of slow-growing rhizobia related to B. Alkanii and B. japonicum which had cross nodulation with Faidherbia albida Nevertheless, the diversity of cowpea rhizobia is more diverse in arid regions [25, 27] . Some researchers related this diversity to geographical origin [23] , which differs in the environmental characteristics like soil type and pH, temperature, climate and moisture. Nerveless, characterizations of these rhizobia are limited, mostly restricted to tropical and subtropical areas of Africa and have not been characterized in many areas [28] . The contradiction reports about the symbiosis between cowpeas and rhizobia could be solved by more studies and characterization of cowpeas rhizobia in different geographical regions.
Libya is one of the North African countries, large area located in arid desert area (Fezzan) with scattered oasis in which Libyans live and depends upon ground water. Environmental stresses like high summer temperature, salinity, drought, low soil fertility and wind are the major challenges that Libyan farmers face. Nevertheless, large area of land placed into cultivation and different legumes and cereal crops are cultivated. Cowpea is one of the earliest legume crop known to the inhabitants of Fezzan, it gains a wide popularity between small holders farmers in many oasis which used mainly as a source of protein. Their role in biological nitrogen-fixation is as other legumes in the region neglected. The aim of the present study is to isolate and phenotypically characterize the rhizobial isolates from different sites in arid region of Libya (Fezzan). Such study could increase the knowledge about the microsymbionts of cowpea rhizobia and select superior isolates for using as inocula. Thus, in order to improve soil fertility in arid region of Libya.
Study Methods

Description of Study Area
The study area included different locations of Fezzan (southern part of Libya) (Fig. 1) . The demarcation of the Fezzan lies in the parallel of 22°30′ N and 30°00′ N and between the meridians of 10° E and 18° E. It is a huge sand flat interspersed with some dry mountains and valleys with scattered oasis in which Libyans are living and depends upon ground water. The desert climate is prevalent and there is a significant difference between the temperatures. In the summer, sometimes it can reach 46 °C, while in winter, it drops to less than zero. Rainfall is scarce and does not exceed the annual average of 20 mm. Groundwater is the main source for both drinking and irrigation systems. The water salinity is only 1.5 gram/liter [29] .
Nodules Collection
Fresh and healthy root nodules were collected from two cowpea cultivars: indigenous and crowed pea (brown eye) and exotic (black eye) was collected from African coast zone (Mali). They grow in the field from four different locations in the Fezzan, Ghat, Sebha, Marzuq and Alshati (Fig. 1 ). These locations are separated from each other by a distance ranging of 200-400 km.
Isolation and Authentication of Root-Nodule Bacteria
The medium and method of isolation were as described earlier [30] . All isolates were tested for their abilities to produce nodules on the plant species from which they were originally isolated. Seeds of the cowpea (Vigna unguiculata L. Walp) were surface sterilized by treating with mercury chloride (0.2% HgCl 2 ) for 5 minutes, rinsed several times with distilled water and germinated in darkness on a plate of 1% water agar. After germination at room temperature, seedlings were aseptically transferred to test tubes containing sterilized Jensen medium [30] . After three days, each tube was inoculated with drop of log-phase culture (containing 10 6 cells of each rhizobial isolate). Three replications were used for each isolate. Non-inoculated tubes were included and served as negative controls. After that, all tubes were transferred to wooden boxes and placed in the growth chamber. After four weeks of growth, the plants were examined for nodulation. Any isolates failed to form nodules were neglected.
Cultural Characteristics
Time of Colony Development
Log phase culture for each rhizobial isolate was streaked on yeast extract manitol agar (YEMA). The inoculated plates were incubated at 28 °C and daily inspected until a separate colonies developed.
Acid or Alkali Production
The ability of the rhizobia isolates to change the standard growth medium (YEMA) to an acid or alkaline was conducted as described earlier [5] . Plates containing yeast extract mannitol agar in which 0.025 mg/L bromothymol blue indicator was incorporated, where each inoculated with 200 µL in log phase culture of each test isolate and incubated at 28 °C for 10 days. When color change to blue around, the colonies was considered as alkaline production.
Symbiotic Traits and Effectiveness
The test of isolates were tested on two plants:
Faidherbia. albida and Arachis hypogaea L., which usually nodulated by Bradyrhizobium strains as well as their host plant (Vigna unguiculata). Seeds of these plants were obtained from Mali. The method of seeds sterilization and inoculation of Arachis hypogaea L. and Vigna was as described above for the authentication of isolates, while seeds of F. albida were treated as described elsewhere [31] . Furthermore, surface sterilized and scarified with sulfuric acid were treated as stated above for other seeds, but incubation period was for eight weeks. After incubation period, all plants were examined for nodulation. A primary assessment of isolates to their abilities to fix nitrogen was made by comparing the color of inoculated plants with the control (uninoculated plants). Healthy and green plants were considered to be effective and ineffective if plants showed chlorosis [32] .
Physiological and Biochemical Characteristics
With the exception of carbohydrate assimilation, temperature test, hydrolysis of urea and all other tests were carried out on YEM agar plates. Petri dishes containing (YEMA) medium were subdivided into four parts, each part was inoculated with 2 μL of logarithmic phase of each rhizobial isolate. After 10 days of incubation at 28 °C, bacterial growth was compared to the controls. Three replicates were used for each treatment.
2.6.1 Growth Temperature Temperature tolerance was tested by incubating streaked plates at 42 °C and 44 °C for 10 days and inspected for colonies development.
PH Tolerance
Growth of test isolates at acid and alkaline pH was performed as previously described [33] , but different on YEMA. The medium was adjusted with 0.1 N HCl for acid and 0.1 N NaOH for alkaline pH to the following range of pH before being autoclaved: pH 4, pH 6, pH 8 and pH 10.
Resistance to Heavy Metals
The heavy metal resistance was determined as described earlier [4] on solid YEMA medium containing the following salts of heavy metal (µg/mL): AlCl 6H O (100, 200, 300 and 500), HgCl 2 (30 and 40), Pb CH COO (500), CuCl 2H O (100), CdCl 2H O (20), ZnCl (100) and NiCl (100).
Intrinsic Antibiotics Resistance
The test of intrinsic resistance to antibiotics was determined by using antibiotics discs (Oxoid) on the solid YEMA medium. The following antibiotics were used (μg): Penicillin (60), Streptomycin (10), Erythromycin (15), Tetracyclin (30), Vancomycin (5), Chloramphenicol (10), Colistin (10), Rifampicin (5), Ampicillin (10), Bacitracin (10), Nalidixic acid (30), Kanamycin (30), Polymyxin (30) and Gentamicin (10) . After incubation, the plates were inspected for the presence or absence of inhibition zone around the discs.
2.6.5 Salt Tolerance Tolerance to salinity was determined on YEM agar plates containing 0.5%-4% (w/v) NaCl.
2.6. Medium containing manitol was used as a positive control and the medium without any carbon source as negative control. Each Petri dish containing this medium was as mentioned above, subdivided into sectors and each sector was inoculated with test isolate growing in logarithmic phase. All plates were incubated at 28 °C for ten days. Isolates showed raised colonies on the surface of the agar regarded as sugar oxidizer.
Numerical Taxonomy
Phenotypic similarity among the test isolates were determined by UPGM linkage clustering analysis using STATISTCA program.
Results and Discussion
A total of 30 rhizobial isolates were recovered from root nodules of two cultivars of Cowpea plants (Vigna unguiculata L. Walp), collected from different areas of Fezzan. Each nodule was found to be occupied by two types of bacteria. One type has a colony similar to fast-growing rhizobia, producing large gum and developed colonies within 2-3 days. Whereas, the second type showed characteristics similar to slow-growing rhizobia like nodulate cowpea [34, 35] which produces raised shiny creamy small colonies (1 mm after more than 5 days of incubation) with regular edges and alkalinize the growth medium ( Table 2) . The authentication test and symbiotic traits (Table 1) showed that all slow-growing (30 isolates) were able to form symbiosis in pure culture when tested on their host and other test plants (F. albida and A. hypogaea). However, different in their effectiveness traits (Table  1) , fast-growing isolates failed to nodulate any test plants including their host plants. These fast isolates were further investigated in sterile sand and their original soil, but no positive result was obtained (data not shown). Therefore, they were omitted from further study. F. albida was classified as a tree legume which has affinity to nodulate by slow-growing rhizobia [36] and A. hypogaea belong to the cowpea cross-nodulation group. However, rare reports indicated that legumes can nodulate by fast-growing rhizobia [33, 37] . Based on cultural and symbiotic characteristics, the test isolates seemed to be similar to slow-growing rhizobia and therefore, this result support the findings of other researchers in West Africa [25] , South Africa, Ghana and Botswana [26] . Some reporters claimed occurrences of both slow and fast-growing rhizobia inside nodules of cowpea [20] [21] [22] . In this study, as mentioned above, the fast-growing isolates were unable to form symbiosis under the laboratory conditions. Such result was reported from nodules of tropical legumes including Libya and identified as Agrabacterim strains [38] . Thus, these isolates could be Agrabacterim or rhizobia lost their symbiotic genes [38] . Environmental stress and nutrient limitation are dominant in arid desert soils like Fezzan soils. Therefore, occurrence of both types of bacteria (slow and fast-growing bacteria) inside each nodule could also explained by fast-growing bacteria and could forms synergic association with slow-growing rhizobia or protect them from environmental stress in the soil. But further investigations at both ecological and molecular levels are needed before any conclusion can be drawn.
A numerical taxonomic analysis performed on 56 non-symbiotic characteristics in statica showed that at similarity level of 70%, the isolates formed four distinct groups (G1, G2, G3 and G4) and two isolates remained separate. Group 4 is a large group which can be divided into two subgroups: subgroup 4A and subgroup 4B (Fig. 2) . The composition of each group is presented in Table 1 , which also showed symbiotic traits with F. albida and A. hypogaea in addition to their original host (Vigna unguiculata). The physiological and biochemical characteristics are shown in Table 2 .
Each of groups 1 and 2 consisted of two isolates from nodules of indigenous cowpea (Crowed pea cultivar) growing in distantly separated areas (Ghat and Marzuq). The former group (Group 1) seemed effectively 
albida).
Group 4 is heterogonous group with respect to their effectiveness. Subgroup 4A consisted of six isolates from nodules of both cultivars grown in one area (Marzuq). All of them formed ineffective nodules on F.
albida, but different in their symbiosis with their hosts and A. hypogaea.
Subgroup 4B included thirteen isolates form nodules formed on both cowpea cultivars collected from all sites of study. As members of subgroup A, only one isolate (RV11) formed effective nodules on F. albida and the majority was ineffective with their hosts and A.
hypogaea. Thus, these isolates formed group regardless of the isolation area or plant cultivar. The non-grouped isolates RV22 and RV4 were from Marzuq and Ghat respectively. Both isolated from local cowpea cultivar nodules. The former isolate formed effective nodules only on its host. Whereas, the second gave the opposite reaction that seemed to form effective nodulate (A. hypogaea) and ineffective nodules (host plant and F. albida.) Some investigators [39, 40] classified cowpea isolates according to their effectiveness traits with its inoculation group. Effectiveness profiles on cowpea and siratro were similar. Whereas, lima bean and peanuts formed separate group. Some isolates were even unable to nodulate peanuts [40] . The results obtained here showed that with exception of separate isolates (RV22 and RV4) and some isolates in group 3 (one isolate) and group 4 (three isolates), they form effective symbiosis with leguminous plant (Cowpea and peanuts) and all isolates formed nodules on peanuts (A. hypogaea). Thus, the result reported here did not support those investigators [39, 40] .
Physiological and biochemical tests have shown that the test isolates were diverse. The growth temperature for most Brayrhizobiumm spp. from different legumes is below 38 °C [4] in this study. The majority of the groups grew at 40 °C, whereas, with the exception of group 3, in addition to separate isolates, all other groups were unable to grow at 42 °C. Growth of slow-growing rhizobia at temperature above 40 °C was previously reported for slow-growing isolates from Acacia cyanophylla grown in the region [33] . Temperatures higher than 40 °C are not uncommon at the tropical soils and in arid region of Libya. Thus, some of test isolates were similar to their counterparts from other legumes growing in Libya [33, 41] , well adapted to their site of origin. The evaluation of in vitro tolerance to high temperatures may help in the selection of more stable strains to heat conditions [42] . 
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-+ * Numbers of isolates formed groups, numbers in brackets represent the number of isolates resist or utlize.
The pH range for all groups was 6.0-10 ( Table 2 ). The majority of isolates formed G 1, subgroup G 4B and separate isolates (RV4 and RV22) were acid tolerant which grew at pH as low as pH 4. Thus, these isolates seemed to be related in their tolerant to acidity to their counterparts from Vigna unguiculata growing in Zimbabwean soils [5] . Alkaline pH has little effect on growth of most isolates, most of them grew at pH as high as pH 10. Tolerance to alkaline pH could be related to the calcareous and dry soils from which these isolates were isolated. However, some investigators found no correlation between the pH of the soil from which the organism was isolated and it is tolerant to different levels of pH in growth medium [43] . Bradyrhizobium strains native to tropical soils, grow at different pH levels and optimal growth occurs at pH 6.0, indicating that they are adapted to slightly acidic conditions [44] .
The results recorded in Table 2 show that the test isolates exhibited a wide diversity in its ability to grow in different concentrations of salts and heavy metals. Generally, most of the isolates formed groups seemed to be resistance to HgCl 2, CuCl 2 , ZnCl 2 , Pb(CH 3 COO) 2 , CdCl 2 ·H 2 O and AlCl 3 ·6H 2 O at low concentrations (100-200 µg/mL). But aluminum at high concentration (500 µg/mL) seemed to have more effect on most test isolates with exception of one isolate (RV22) which all inhibited by this metal. Moreover, the isolates formed groups 1 and 3 in addition to the separate isolates (RV4 and RV22) were also suppressed by NiCl 2 . In this study, some isolates were tolerant acidity but were not tolerant to aluminum at high concentration. Thus, tolerance to acidity is not always correlated to tolerance to aluminum. Intrinsic resistance to antibiotics showed a general resistance to polymycin (93%), colistin (90%), bacitracin (80%) and nalidixic acid (53%). On the other hand, most of the test isolates were more sensitive to gentamicin (97%), tetracyclin (93%), streptomycin (93%), rifampicin (93%), kanamycin (90%), erythromycin (90%), vancomycin (80%), ampicillin (77%) and penicillin (56%). Some authors related resistance to antibiotics to geographical origin. For example, rhizobia isolated from sonorant desert (North America) were found to be highly resistance to antibiotics and related the adaptability of these rhizobia to the desert environment where antibiotics-producing microorganisms such as actinomycetes [45] . In this study, most of the test isolates seemed to be sensitive to naturally occurring antibiotics. Therefore, the resistance to antibiotics and other environmental stresses is strain specific rather than geographical origin [46] .
Rhizobia and bradyrhizobia strains vary in their tolerance to salinity. Fast-growing rhizobia are more salt-tolerant than strains of slow-growing rhizobia. In the present study, rhizobial isolates varied in their reaction to salinity in agar medium. With exception of one isolate in each of group 3 and sub group 4B, all isolates were able to grow in 0.5% NaCl, but differently responded to the level above that. Members of group 4 were distinguished in their tolerance to salinity, the majority grew at 2.5%-3%, but none of the test isolates were able to grow at 4% NaCl. In this respect, members of this group are resembles fast-growing rhizobia and appeared to be similar to their counterparts from cowpea indigenous to Zimbabwe [5] . With respect to nitrogen-fixation efficiency, indigenous cowpea and stress tolerance like extreme temperature and salinity, some members of group 3 (RV12 and RV18) and group 4 (RV6, RV7, RV16 and RV30), in addition to separated isolate (RV22), could be selected for field inoculation trial in order to use as inocula for cowpea in arid region of Libya.
With exception of few isolates in group 3 (two isolates), group 2 (one isolate) and group 4 (6 isolates), all isolates were able to use urea as a nitrogen source. Hydrolysis of urea as nitrogen source is a common among rhizobia [19] .
The result of the carbohydrates test showed that there are remarkable differences among test isolates. Monosaccharides and sugar alcohols (D-glucose, D-fructose, galactose, sorbitol and inositol) were poorly utilized by most test isolates, whereas, disaccharides (sucrose and maltose) were assimilated by most of them. Thus, they are in line with what reported by others for chickpea rhizobia [47] . Few isolates in different groups were used starch as a carbon source, but with exception of separate isolates and one isolate in group 3, all other groups were failed to use cellulose. Poor assimilation of monosaccharides and disaccharides is feature of some slow-growing rhizobia and Azorhizobium [31, 48, 49] . However, some fast-growing isolates from woody legumes grown in Libya were as slow-growing rhizobia which unable to use disaccharides. Soils of Libyan desert are poor in organic carbon. Therefore, utilization of different carbon sources could give these isolates advantage to live and persist in soil.
Conclusion
Cowpea in arid region of Libya had the affinity to nodulate with slow-growing rhizobia. All the isolates seemed to be infective with A. hypogea and F. albida in addition to their host, but not all were efficient in their nitrogen-fixation. Stress tolerant isolates has been identified for inoculation trials to sustain soils 
